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Introduction
Corbey et al. 1 have written an interesting and thoughtful paper designed to provoke debate surrounding one of the most important and persistent Stone Age artefacts, the Acheulean handaxe. They challenge the long held notion that the Acheulean handaxe was a product of a cultural landscape influenced through social learning. Instead they suggest the Acheulean handaxe was, in part, under genetic control. Whilst the Corbey et al. paper was an ambitious one with many points of debate included within it, we will focus here on those areas that best match our expertise, namely the nature of Acheulean handaxes and the archaeological record. conservative Acheulean handaxe was primarily the result of genetic transmission, rather than cultural transmission models: "Raw material selection, the manufacturing process, and basic design principles would have been under genetic control, but fine-tuned through social learning". 1:14 Or, put another way, for Corbey et al. there should be more variability in handaxes than there is because different environments should be generating different solutions. In addition, groups of handaxe makers ought to be generating more variability than they do because social learning between generations involves the accumulation of copying errors. Finally, an extrinsically triggered 4 soft genetic impetus to handaxe making is said to explain the appearance of handaxes in geographically distant locations more parsimoniously than independent invention or the maintaining of long range cultural contacts. Yet as we will demonstrate, the Acheulean handaxe record shows a mixture of short-term and local variability, alongside long-term and 'global' similarities. This 'structure' in the data set cross-cuts environments and local circumstances, and does attest to the variability expected of cultural/social learning models. At the larger scale convergences in form can be shown to be a result of both shared social learning and the limitations imposed by the mechanics of handaxe production. Moreover, animals and humans can move over considerable distances, taking their ideas with them. Distance and geographical barriers are not the insurmountable obstacles to Acheulean hominins they are often made out to be.
In short, we interpret these patterns in the archaeological record as evidence that handaxes are cultural artefacts, in-keeping with established notions of material culture: "the array of artefacts and cultural landscapes that people create according to traditional, patterned and often tacit concepts of value and utility that have been developed over time, through use and experimentation". 2:3 The remainder of our response justifies this interpretation of Acheulean handaxes with specific reference to each of the four points listed in the opening paragraph.
(i) Should handaxes track environmental variation?
Corbey et al. argue that Acheulean handaxes fail to track environmental variation, and note that this is inconsistent with models of cultural evolution. However, this argument is unconvincing because it firstly fails to acknowledge that there are examples in the archaeological record where handaxes do appear to change, in terms of their modal form, and occasionally these changes co-occur with environmental variation. Examples include the shifts in modal shape form at Swanscombe (the assemblages of the Lower Middle Gravels, Upper Middle Gravels and Upper Loams -see below for details of climate 3 ) and Hoxne (the Upper and Lower Industries -different modal shapes associated with warm but cooling conditions 4 ). Secondly, and more importantly, it fails to define what tracking of environmental change by a cultural handaxe might look like. In terms of this issue, and the related question of function, we note that use wear and polishes, cut marks, artefact/carcass associations and carcass processing evidence, [5] [6] [7] [8] [9] [10] [11] [12] as well as experimental demonstrations of their utility, [13] [14] [15] [16] have established a major role for Acheulean handaxes in butchery and carcass processing: i.e. the handaxe as butchery knife. They were probably also used for other tasks, including plant processing and the working of other materials. 10, 17, 18 The primary role of the Acheulean handaxe as a functional, hand-held tool is also supported by their dimensions. Modern female and male subjects have expressed a preference for 'smaller' (maximum width = 65mm) and 'larger' handaxes (maximum width = 93mm) respectively in terms of ease of handling. 19 87.6% of the artefacts in the Marshall et al. 20 sample (n=3556) have a maximum width value between 50 and 110mm, suggestive of sizes in an experimentally-demonstrated preferred range for a hand-held tool, while acknowledging the limited evidence for Acheulean hominin hands. 21, 22 This is important because we question why a hand-held butchery knife or multi-purpose tool should necessarily be expected to track environmental variation, given that their functions are integral to hunter-gatherer lifestyles. One might just as well ask why modern knives, despite their extensive cultural variations in shape and appearance, are all characterised by the same fundamental morphology: a handle to grasp and a blade with one or two edges with which to cut. As MacDonald 23 has highlighted with reference to hunting, it is skills, knowledge and experiences which are likely to track environmental variation -e.g. changes in stalking strategies when hunting horse herds in open grasslands as opposed to red deer in woodland, or just changes across the seasons. Thus behaviour changes, not material culture, in this case.
(ii) How variable are Acheulean Handaxes? 6 We argue that there is multi-scalar variability in the handaxe record, and feel that this variability has been fundamentally simplified and misrepresented by Corbey et al.'s macro-scale perspective. They maintain that handaxes are conservative in form and, drawing on the results of Kempe et al., 24 argue that they do not meet the range of variability that would be expected from an artefact that is influenced through cultural interplays: "Given that copying error would inevitably have occurred if individuals had acquired the behaviors required to produce handaxes via social learning, this supports the idea that handaxes were not fully cultural artifacts and may have been under at least partial genetic control." 1:9 In Corbey et al.'s defence, their perspective of the Acheulean handaxe is one often held, to a greater or lesser extent, by a number of researchers. e.g. 25, 26 It stems from a popular belief, once expressed by Glynn Isaac -the 'variable sameness' of the Acheulean. 27 However, off the back of more recent work [28] [29] [30] [31] [32] [33] [34] we believe that the conservative perception of the Acheulean is a gross simplification of a complex archaeological record.
(iia) Is the Acheulean handaxe record being misrepresented?
When seeking to characterise the Acheulean handaxe record one must discuss artefact variations with reference to both time and place and the changing scales and resolution of the record. We will explore this through both assemblage and site-specific examples and macro-scale data sets.
To start with a site-specific example, at Swanscombe in the Thames Valley (UK) there is a clear shift from small and pointed handaxe-dominated assemblages in the Lower Middle Gravels (temperate conditions of Hoxnian IIIa) to the larger pointed and ovate mixed assemblages of the Upper Middle Gravels (Hoxnian IIIa-IIIb, with a cooling climate suggested at the top of the Upper Middle Gravels); and then from both of these layers in MIS [marine isotope stage] 11c, to ovate-dominated assemblages in the temperate Upper Loam (MIS 11a). [35] [36] [37] [38] [39] [40] It is possible that these variations reflect the changing characteristics of the available raw materials, 38 although local extirpation events followed by renewed pulses of hominin dispersal may also be factors. 32 Away from the intra-site scale, we can see evidence for handaxe variations which in some cases do not map consistently onto environmental factors. At the landscape scale in south-east England there is evidence for similar handaxe shapes associated with different habitat settings (e.g. ovate-dominated assemblages and the Boxgrove waterhole/coastal plain, the Elveden fluvial landscape and the chalk uplands of Caddington). 38 Equally, there are examples of different handaxe shapes associated with the same settings (e.g. ovate-and point-dominated assemblages occurring respectively at the fluvial sites of Wansunt Pit/Bowman's Lodge and Furze Platt). 38 The handaxe-making practices of individual hominin groups may explain some of these landscape-scale patterns, although the difficulties in identifying contemporary assemblages within a single marine isotope stage, even across the same landscape, are a major challenge to such interpretations.
At the multiple-MIS scale, White 32 (see also 33, 41, 42 44 ) to MIS 9 (c. 337-300kya; Groups I [pointed handaxes, with cleavers] and III [pointed, plano-convex, forms]). White has raised the possibility that these changes reflect the cultural repertoires of different groups, grounded in the cultural resonance of handaxe shapes for Acheulean hominins. At the largest scale, the contrast between the European focus on handaxe production from nodules (façonnage) and the African emphasis on large flake blanks (débitage) has often been thought to relate at least in part to the relative workability of the raw materials in the two regions (e.g. the 'Roe line' 45 ), but Sharon 46 has also emphasised the impact of functional or cultural preferences upon knapping strategies. At a macro-scale view this could potentially be seen as a genetically-structured variation, not least because of the major geographical barriers such as the Saharan and Arabian Deserts which might disrupt or block cultural transmission.
But we note that these 'barriers' were not permanent, for example with periods of 'Green 8 Saharan' 47, 48 and 'Green Arabian' 49, 50 conditions, and that hominins, and presumably their artefacts and ideas, sometimes moved across these barriers. Moreover, at the site and regional scales within both Europe and Africa, for example the production of flake cleavers in Middle Pleistocene Spain, 51 we see a handaxe record that is locally varied, with variations that extend beyond raw materials, and don't map onto simple latitudinal and/or longitudinal environmental variations. There is thus clear evidence for variability, from the site to the landscape to the continent, and variability which extends beyond raw material factors and which we see as too varied to meet the 'slight local variance' and 'social fine-tuning' reading of the artefact record that is favoured by Corbey et al.
(iib) What were the contexts and requirements of handaxe production?
The site and artefact record allows us to make two key statements regarding the contexts and requirements of handaxe production:

There are two main hominin species responsible for the Acheulean; Homo erectus sensu lato and Homo heidelbergensis. Imagine you are a young hominin growing up in a small, possibly genetically related band of such hominins. Amongst your first conscious memories will be the sights, sounds and smells of individuals making handaxes, using them, discarding them, and then making new ones. We emphasise that examples such as the GTP-17 horse butchery site at Boxgrove are indicative of individual handaxe making, 52 while the evidence for fire-side handaxe working at sites such as Beeches Pit 53, 54 and, cautiously, Foxhall Road 55 is suggestive that young hominins were exposed to these technological processes and the associated social contexts in which the artefacts were made. You would therefore grow up familiar with the processes and products of handaxe production as expressed by your elders and peers at that particular time and place -a form of social learning known as imitation learning. 56 This is also supported by the non-intuitive nature of certain aspects of handaxe production, such as platform preparation. 57  Although some handaxes may never have been intended for use, such as the so-called giants in excess of 270 mm length, 58 it is clear that most had a utilitarian function and a size appropriate to 9 hand-held tasks (Section i). This means an emphasis on a cutting edge, whose length and character are appropriate for the job in mind. Leaving aside the thorny question of whether different kinds of handaxes had different functions, the biface becomes in effect a device for delivering an edge to a job. Outline shape and overall morphology are a function of, and a reflection of, the extent and location of the cutting edge.
So, in terms of their archaeological context, handaxes are a product of knowledgeable social learning and are made to be used. Conceptually, procedurally and functionally they are made in societies by societies. The social dimension is therefore impossible to discount. suggest it is more parsimonious to argue that handaxe shape is governed by a conservative mechanism that inhibits variability -genetics.
We have already argued (Section iia) that there is in fact a great deal of variability in the handaxe record, operating at different scales. What we wish to further emphasise here is that this variability occurs within limits naturally imposed by concept, utility, raw material (sometimes), and process of manufacture. This is something Corbey et al. have failed to appreciate.
We will start our argument with Boxgrove. 52, 59 The Unit 4c land surface was open for somewhere between seventy five and one hundred years, 52 the handaxes on the surface perhaps the product of no more than four or five generations of hominins ( Fig. 1 ). There is a basic bauplan 28 or conceptual template 60 present -a cutting edge around all (or most) of the handaxe's circumference; often accompanied by a tranchet; made by bifacial soft hammer thinning and shaping; 61 tending to narrow toward the tip. At first glance the variable sameness seems apparent. This is where the constraints come in. Since the Boxgrove modality/conceptual template involves a cutting edge around all or most of the circumference, made by extensive bifacial soft hammer thinning, the handaxe will usually end up with convex edges and a lenticular cross section in two dimensions (length and width). In effect, the handaxe will be an ovate (widest in the middle third) or a cordate (widest in the basal third). Here, what you make, why you make it, and how you make it initially reduces the range of potential morphological variability.
The issues of scale come into play here too. There are few sites where the degree of temporal resolution approaches Boxgrove: similarity in outline form because of a shared template across several generations is readily conceivable at this site -strong social learning. 62, 63 We think that a strong argument in favour of the social template at Boxgrove is the unusually high presence of tranchet sharpening (Fig. 1) . As far as we know butchery/dismemberment practices at Boxgrove were not so different from elsewhere, 8 so the unusually high frequency of tranchet blows is likely to be a socially-learned practice. There is surely no gene for tranchet blows and we argue that the spatial and temporal restriction of these and other idiosyncrasies have to be evidence of strong social learning and not the social 'fine-tuning' described by Corbey et al. 1:14 In terms of Corbey et al.'s parsimony argument, which is the most likely explanation for Boxgrove's conservatism in outline shape? An as yet unidentified predisposition to 'sameness', or a basic social modality instilled from growing up with handaxe makers who were socially conservative in what they made? We see the Boxgrove patterns in much the same manner as Gowlett 64 Moving on to the 'variability' aspect, despite the constraints on shape there actually is a lot of variability present when individual outline shapes are compared ( Fig. 1-2 but a similar mental construct is present -with emphasis on a cutting edge all the way around, and probable use of a soft hammer for extensive thinning and shaping (Fig. 2) . Once again it is clear that, within the raw material boundaries set, almost every conceivable shape is explored -and it is unsurprising that the range of shapes is greater than at Boxgrove, since several (shared?) social traditions/conceptual templates may be included in this palimpsest. However, we should not assume that just because a social tradition at one site imposes a tighter constraint on form, that this is the same elsewhere. Some hominin groups may have explored greater diversity than others.
Cuxton 67-69 is a classically pointed assemblage for which an MIS 7 date (c. 243-191kya) is accepted here, 41,69 although MIS 9 is also suggested on typological grounds. 33 Here the modal concept is different to Boxgrove/Warren Hill (Fig. 3 ). It revolves around making a cutting edge on the tip and upper two-thirds of the handaxe (many of which will be raw material constrained, but not necessarily all). Yet, while the modal concept is different, a clear bauplan is evidently present, but within it we still see a marked degree of variability.
Handaxes can therefore be seen as a continuum of morphological variability. 60 forcibly. The spread of potential handaxe morphological space in the ADS sample is represented by the X and Y axes of Fig. 4 , but the concentration of the data cloud into a narrower space is a result of the social and technical constraints discussed above. Within this 'realistic' morphological space, and within which handaxe shape could vary, we see that a huge (and continuous) variation in shape is actually present -a far cry from the limited variability envisaged by Corbey and colleagues.
Corbey et al. have taken a very simplistic view of handaxes, almost caricaturing them. The variability
that is really present in the Acheulean resides in the spaces between those socio-conceptual, procedural and functional constraints that the need for a stone knife imposes.
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So it is evident that there are constraints on handaxe manufacture, both social and material. It is also evident that there is variability in the Acheulean handaxe record. But how much is there, how is that variability patterned in quantitative terms, and what are the implications for cultural versus genetic interpretations? Our analysis of the largest currently available data-set 20 has indicated the following patterns:
 Assemblages from a wide span of Acheulean space and time are not significantly different to one another in terms of their type and degree of overall variability (Fig. 5 ).

Individual assemblages with a high degree of temporal control (e.g. a palaeosol representing decadal timescales, such as at Boxgrove 52 ) are characterized by less variability than timeaveraged assemblages (e.g. Warren Hill 65 ; Fig. 6 ). This is the actual character of the Acheulean handaxe record, and we interpret it as follows:
(i) The lack of significant difference between assemblages across the entire Marshall et al. data-set reflects the mechanical constraints of handaxe production, which results in a shared core of variability (e.g. a cutting edge all the way around the perimeter and extensive soft hammer thinning resulting in a convex base and sides). Thus shape is not infinitely variable -it tends to cluster. This is evident in both bivariate plots of shape ( Fig. 4 ; e.g. note that handaxes where the tip and base are wider than the middle are very unusual) and in multivariate analyses of shape ( Fig. 5 ; note the concentration of artefacts in the central core of the plot).
(ii) However we do not interpret this clustering as evidence of genetically controlled handaxe production, because individual assemblages also deviate, to greater and lesser extents, from the core area ( Fig. 5 ; e.g. note the occurrence of handaxes from several sites in the bottom-right of the plot -i.e. handaxes where the widest point is located higher up the axe).
(iii) Such deviations could of course, and sometimes do (e.g. at Cuxton 70 ), reflect local raw material circumstances. However, we do not interpret these deviations as purely raw material-driven, because where the archaeological record enables high-resolution temporal control (e.g. the year palaeosol at Boxgrove 52 ) there is also evidence for reduced variability (e.g. note the clustering of the Boxgrove handaxes in the central core of Fig. 6 ). Since population continuity can reasonably be predicted on such sites, we interpret this reduced variability as evidence for handaxe production shaped through individual cultural drivers (i.e. inherited ways of doing), within the existing mechanical and raw material constraints. Such reduced variability is also evident on other highresolution sites -for example the grey clay surface at Foxhall Road. 55 (iv) By contrast, where the archaeological record does not permit high-resolution temporal control (e.g. the time-averaged fluvial-context assemblage at Warren Hill 71 ) there is evidence for higher levels of variability (e.g. note the wider dispersal of Warren Hill handaxes in the right-hand extremes of Fig. 6 -i.e. handaxes where tip and base widths tend to be similar). Since there is no evidence for major raw material change at many of these individual sites (e.g. flint at Warren Hill, quartzite at Montagu Cave, andesite at Pniel 6 20 ), this is most parsimoniously explained by accumulated copying errors or population discontinuity.
(iii) Are copying error models appropriate for providing a base-line against which to compare handaxes?
We also question Corbey et al.'s reliance on Kempe et al. 24 as a means of demonstrating that Acheulean handaxes are characterised by less variability than that expected from copying error models. In our opinion Kempe et al. used an inappropriate task, re-sizing a 2D handaxe image on an iPad to match an existing image, to test the accumulated copying error model, the results of which were then compared to handaxe size data from the Marshall et al. data-set. 20 The use of this methodology as an analogy to the manufacture of handaxes is flawed for a number of reasons.
Firstly, perceptual re-sizing of a 2D image on a digital screen is primarily reliant on hand-eye coordination (and perhaps also the degree of an individual's care and attention to the task), whereas the knapping of a 3D object in stone requires hand-eye coordination, technique, understanding of fracture mechanics and forward planning (e.g. with specific reference to platform preparation and handaxe thinning 57 ): in short the two tasks are simply not comparable. Secondly, as any modern knapper will know, the process is organic and fluid, in which knapping decisions and strategies are frequently modified in response to the last blow and its impact on the stone -in short, it sometimes feels as though the nodule or blank is 'fighting back'! An iPad does not. Finally, their experiment used modern human subjects, with modern human hand-eye coordination. While we are not stating with certainty that modern human abilities would result in lower levels of variability compared to those of the Acheulean handaxe makers, we think it is likely that their respective abilities were different.
These points suggest that there should be more variability in the handaxe record than the predictions of Kempe et al., 24 Basin and at other sites, e.g. 75, 76 , is due to their genetic transmission hypothesis. In short, a genetic ability to produce a handaxe lay dormant within Chinese hominin populations until proper raw materials became available, at which point those abilities were subsequently expressed. Their reading of the East Asian handaxe record is partly grounded in the notion that high quality lithic raw materials are rare to the east of the Movius Line, but were periodically exposed through forest fires in river basins. 1, 73 For Corbey et al. the key challenge in the East Asian record to cultural models is how were the behaviours involved in handaxe manufacture maintained and/or acquired by hominins c. 1500km from the Movius Line?
Their reasons for a genetic explanation stem from a belief that it would be unlikely that Chinese hominins would have maintained contact with handaxe-using groups to the west of the Movius Line, and that it is even more unlikely that the cultural knowledge of handaxe manufacture would have been transmitted across generations without some of those generations ever having produced them.
They also suggest that a convergent evolutionary explanation for Chinese handaxe manufacture is a less parsimonious explanation than their gene expression-based explanation. 42 has previously noted that while raw material constraints sometimes did influence technological choices at these European sites (e.g. at Bilzingsleben and Vérteszöllös), critically this was not always apparent (e.g. at Arago). Instead other factors, such as site type, length of occupation, range of activities, patterns of social learning, and distinct hominin populations and their mobility, 80 are more likely to explain at least some of these patterns.
This last issue of mobility is central to Corbey et al.'s emphasis on the distance from the edge of the Movius Line to the nearest example of handaxes being produced in the Bose Basin, c. 1500 km, as problematic. They saw this distance as too great for cultural contact to be maintained between those hominins to the east and west of the Movius Line, and argue that it would have taken hominins several generations to travel that distance. Our concern here is not with the Movius Line pattern per se, given the increasing doubts over the concept and the interpretations of the underlying East Asian data. 77 But we do argue that the occurrence of occasional handaxes in any 'handaxe-free' regions (e.g. central Europe), or alternations between handaxe and non-handaxe assemblages on individual sites or within individual regions, do not require a genetic explanation.
Instead we favour hominin mobility and population dynamics. While much remains to be understood about these issues, hunter-gatherer mobility data 81 from a range of ecological zones offers a useful insight into the spatial and temporal scales of hunter-gatherer movement ( Table 1) .
The data vary quite substantially depending on the hunter-gatherer groups' degree and patterns of mobility (e.g. seasonal circular movements or biannual migrations) and subsistence strategy, and we do of course acknowledge that modern hunter-gatherer groups are not a direct analogy for Acheulean hominins. However, and in combination with increasing isotopic insights into animal migration data, 82, 83 these data highlight the potential for hunter-gatherers, and their material knowledge and practices, to move substantial distances over years rather than decades or centuries.
Such larger-scale shifts in population might occur in response to changes in climate and environment, as recently argued for the Clactonian/Acheulean patterns in Britain during MIS 11. 80
Conclusion -why we think handaxes are cultural
In summary, we critique Corbey et al.'s reading of the handaxe record, in particular its degree of variability, evident across a wide range of spatial and temporal scales. We question their reliance on out-dated geographical patterns (the Movius Line), and argue that environmental tracking should not necessarily be expected in a butchery knife and that its absence does not make knife manufacturing a genetic predisposition. As for why we see handaxes differently, we emphasise the social contexts of their production and the evidence for site-specific modal forms and for locallyexpressed, short-lived, idiosyncratic traits in the Acheulean record: the Boxgrove tranchet blows, 52 the S-twist proportions in British MIS 11 assemblages, 44 the ficrons and cleavers at Cuxton, 41 or the planform asymmetry at Broom. 71 We maintain there is much more structured variability in these . Size was removed from all 5 variables following the GM method. 84 
